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REMARKS 

Reconsideration is requested. 

Claims 1, 2, 10, 43 and 44 are pending. Claim 10 has been amended to obviate 
the objection to the same and claims land 2 have been amended to clarify the recitation 
with regard to the fragment of the claims. No new matter has been added. The 
amendments are not believed to require further search and/or consideration. No new 
matter has been added. Entry of the amendments is requested. 

The Section 112, first paragraph, rejection of claims 1 , 2, 10, 43 and 44 is 
traversed. Reconsideration and withdrawal of the rejection are requested in view of the 
previously-submitted evidence as well as the following comments. 

The applicants urge the Examiner to appreciate that the presently claimed 
invention relates to a method for inhibiting KDR/Flk-1 signal transduction in endothelial 
cells, and a method for inhibiting cell growth of endothelial cells, each of which involves 
contacting the cells with an anti-1175-tyrosine phosphorylated KDR/Flk-1 antibody (anti- 
PY1175 antibody. 

The Examiner asserts that the previously-submitted evidence 

"require that the antibody be injected into the cell or 
transfected into the cell to achieve the observed effects. The 
techniques are not applicable for in wVo/therapeutic use in 
which the antibody must be able to contact antigen 
presented on the surface of the cell." See page 2 of the 
Office Action dated August 28, 2006. 

The previously-submitted evidence (Declaration of Dr. Shitara submitted May 30, 
2006) demonstrates that the cell growth of endothelial cells is inhibited by mixing the 
anti-PY1 175 antibody with Chariot and contacting it with vascular cells. The Examiner 
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will appreciate that Chariot is also known as PEP-1 peptide having 21 amino acid 
residues, and is known to be a carrier peptide which transports a full-length protein in 
vivo and in vitro. See Abstract of attached Won Sik Eum et al, Free Radical Biology & 
Medicine Vol 37, No. 10, pp. 1656-1669 (2004)). The attached Eum et al further 
teaches that a fused polypeptide of antioxidant enzyme Cu.Zn-superoxide dismutase 
(SOD) and PEP-1 peptide is transduced in vivo in the skin (Fig 6) and in the neuronal 
cells of an ischemia animal model (Fig 7). The attached document is submitted as 
evidence in response to the Examiner's comments and as such is submitted to be 
timely made. See MPEP Section 609.05(c). 

It will therefore be clear to one of ordinary skill in the art that cell growth of 
endothelial cells is inhibited in vivo by administering to an animal a mixture of anti- 
PY1175 antibody having an in vitro effect with the known PEP-1 peptide (Chariot). 

The claims are submitted to be supported by an enabling disclosure and 
withdrawal of the Section 112, first paragraph, rejection of the claims is requested. 

The objection to claim 10 is obviated by the above amendments. Entry of the 
present Amendment and withdrawal of the objection is requested. 

The Section 1 12, first paragraph, rejection of claims 43 and 44 is obviated by the 
attached and the following. The applicants confirm by the attached Budapest Treaty 
deposit receipt that hybridoma KM3035 has been deposited as FERM BP-7729 under 
the provisions of the Budapest Treaty. The applicants confirm that all restrictions on the 
release of the deposited material will be removed upon the grant of the claims in a 
patent based on the present application. Withdrawal of the Section 112, first paragraph, 
rejection of claims 43 and 44 is requested. 
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The Section 1 1 2, first paragraph, rejection of claims 1,2, 10, 43 and 44 is 
obviated by the above amendment. Entry of the present Amendment and withdrawal of 
the rejection are requested. 

The claims are submitted to be in condition for allowance and a Notice to that 
effect is requested. 

The Examiner is requested to contact the undersigned in the event anything 
further is required in this regard. 

Respectfully submitted, 
NIXON & VANDERHYE P.C. 

By: IB. J. Sadoff/ 

B. J. Sadoff 
Reg. No. 36,663 



BJS: 

901 North Glebe Road, 11th Floor 
Arlington, VA 22203-1808 
Telephone: (703)816-4000 
Facsimile: (703)816-4100 
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IN VIVO PROTEIN TRANSDUCTION: BIOLOGICALLY ACTIVE INTACT 
PEP 1 -SUPEROXIDE DISMUTASE FUSION PROTEIN EFFICIENTLY 
PROTECTS AGAINST ISCHEMIC INSULT 
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Abitnct-Rcactivc oxygen species (ROS) are impUcated in rtpcrfusicn injury after transient focaJ cerebral ischemia. 
The anuoxtdant tnzymc Cu^n-supcroaide d.smutase (SOD) is one of the major means by which .ells counteract the 
de etonous effects of ROS aOcr ischemia. Recently. w c reported thai denatured Tat-SOD fusion prote.n , s transduced mto 
« s and skin tissue. Moreover. PEP-1 peptide, which has 21 amino acid residues, is a known carrier peptide that delivers 
Rtfl-Icngth native proteins .n vitro and in vivo, In the present study, we investigated the protective effect of PEP-I-SOD 
fusion protein after .schemic insult A human SOD gene was fused with PEP-1 peptide in a bacterial expression vector to 
produce a generic in-frame PEP-I-SOD fusion protein. The expressed and purified fus,on protein, wexc efficiently 
bansduced both in vitro and in vivo with a native protein structure. Immunohistochemical analysts revealed that PEP-I- 
SOD injected inirapenioneally (i.p.) into mice can have access into brain neurons. When i. p. -injected into gcrtrils, PEP-I- 
SOD fuston proteins prevented neuronal cell death in the hippocampus caused by transient forebram ischemia These 
results suggest that the biologically active mtact forms of PEP-1-SOD provide a more efficient strategy for therapeutic 
delivery in various human disease* related to this antioxidant enzyme or to ROS, including stroke C 2004 Elsevier 
Inc. All rights reserved. 

Keywords-Protein transduction. PEP-1 peptide, Cu^n-SOD. Ischemia, Protein therapy, Free radicals 



INTRODUCTION 

Reactive-oxygen species (ROS) are inevitably formed as 
by-products of various normal cellular processes involv- 
ing interactions with oxygen. These ROS damage 
macromolecules, which arc constantly exposed to the 
harmful actions of ROS. Ultimately, these ROS contrib- 
ute significantly to the pathological processes of various 
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human diseases, which include ischemia, carcinogenesis, 
radiation injury, and mflarruxatiorv'imrnune injury (1,2). 
Cu^Zn-superoxide dismutasc (SOD) is one of the key 
cellular enzymes that detoxifies intracellular free radi- 
cals, thus protecting them from oxidative damage [3]. 

Recently, several small regions of proteins, called 
protein transduction domains (PTOs), have been devel- 
oped to allow the delivery of exogenous protein into 
living cells. These include carrier peptides derived from 
the HIV-1 Tat protein, Drosophila Antennapedia (Antp) 
protein, and herpes simplex virus VP22 protein [4-6]. 
Although the mechanism of protein transduction across 
the lipid bilayer is still unknown, it is clear that 
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transduction docs not occur through a classical receptor 
or transporter or in an endosome-mediatcd fashion [7-9). 
Up to the present, many researchers have demonstrated 
the successful delivery of full-length Tat fusion proteins 
by protein transduction technology. These include p27 
[10], cdk2 [11,12], green fluorescent protein (GFP) [13], 
p53 (14), 0-galactosidase (|J-gal) [15], and so on. Wc 
previously reported that the genetic in-frame Tat-green 
fluorescent fusion protein (Tat-GFP), Tat-glutamate 
dehydrogenase (GDH), Tat-Cu,Zn-superoxide dismutase 
(Tat-SOD), and Tat-catalase (Tat-CAT) fusion proteins 
are efficiently transduced into mammalian cells and skin 
[16-26]. Transduced Tat-SOD was found to increase the 
viability of mammalian cells treated with paraquat, an 
intracellular superoxide anion generator, suggesting that 
it has a protective effect under conditions of oxidative 
stress [22,25). Recently, we successfully transduced Tat- 
SOD directly into insulin-producing RINm-SF and islet 
cells across the lipid membrane under denaturing 
conditions [27], In general, protein transduction using 
PTD-Tat fusion proteins required the denaturation of the 
fusion protein before delivery, which increases the 
accessibility of the Tat-PTD domain. After translocation 
of Tat-pro te in through the membrane in an unfolded 
state, members of the HSP90 protein family refold the 
target protein within the cell into an active conformation. 
Thus, the biological activity of the transduced protein 
was found to be dependent on the refolding efficacy of 
HSP90 protein [28]. 

To increase the biological activity of transduced protein 
in cells, a novel carrier is needed to transduce the target 
protein in its active native structure form. Recently, the 
Morris group [29] designed a PEP-1 peptide carrier 
(KETWWETWWTEWSQPKKKRKV), which consists 
of three domains: a hydrophobic tryptophan rich motif 
(KETWWETWWTEW), a spacer (SQP), and a hydro- 
philic lysine-rich domain (KKKRKV). When they mixed 
PEP-1 peptide and target protein (GFP, (3-gal) and then 
overlaid on cultured cells, they found that the non- 
denatured target protein was transduced [29]. 

The antioxidant enzyme is one of the major mecha- 
nisms by which cells counteract the deleterious effects of 
ROS, and recent studies have revealed a protective effect 
of the antioxidant enzyme against apoplosis after cerebral 
ischemia and reperfusion. Also, they have shown that 
SOD plays a protective role against focal cerebral 
ischemia and is involved in regulation of cellular damage 
after ischemia/reperfusion [30-34]. 

In this study, we designed the PEP-1 -SOD fusion 
protein by genetic in-frame for transduction directly in 
vitro and in vivo in its native active form and showed that 
the PEP- 1 -SOD fusion protein can be directly transduced 
into neuronal cells and across the blood-brain barrier and 
that it can efficiently protect against neuronal cell 
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destruction. Therefore, we suggest that the PEP-1 -SOD 
fusion protein would be useful as a potential therapeutic 
agent for transient forebrain ischemia 

MATERIALS AND METHODS 
Expression and purification of PEP-} SOD 

PEP-1 -SOD expression vector was constructed to 
express the PEP-1 peptides (KETWWETWW- 
TEWSQPKKKRKV) as a fusion with human Cu,Zn- 
SOD First, Two oligonucleotides (top strand) 5'- 
TATGAAAGAAACCTGGTGGGAAACCTGGTGGA- 
CCGAATGGTCTCAGCCGAAAAAAAAACGTAAA- 
GTGC-3' and (bottom strand) 3 -TCGABCACTTTAC- 
GTTTTTTTTTCGGCTGAGaCCaTTCGGTCCaC- 
CAGGTTTCCCACCAGGTTTCTTTCC 3' were syn- 
thesized and annealed to generate a double-stranded 
oligonucleotide encoding the PEP-1 peptides. The 
double-stranded oligonucleotide was directly li gated 
into Mfel-Atol-digestcd pET-lSb vector Second, on 
the basis of the cDNA sequence of human Cu,Zn~ 
SOD, two primers were synthesized The sense primer, 
5'-CTCGAGGCGACGAAGGCCGTGTGCGTG-3\ 
contains an Xhol site, and the antisense primer, 5'- 
GG ATCCTTATTGGGGCGATCCC A ATTAC-3' , con- 
tains a BamHl restriction site PCR was performed 
[22] and the PCR product was excised with Xhol and 
BamiU, eluted (Invitek, Berlin, German), ligated into 
TA-cloning vector (Promega, Madison, Wl, USA) and 
pPEP-1 vector using T4 DNa hgase (Takaka, Otsu, 
Shiga, Japan), and cloned in Escherichia colt DH5a 
cells. PEP-1 -SOD fusion proteins were generated when 
the human CuZn SOD gene was fused with a 21- 
amtno-acid PEP-1 peptide in a bactcnal expression 
vector to produce a genetic m-frame PEP-1-SOD 
fusion protein. 

To produce the PEP- 1 -SOD fusion piotem, the plasmid 
was transformed into £. coli BL2 1 cells. The transformed 
bacterial cells were grown in 100 ml of LB medium at 
37 8 C to a Dmq value of 0.5- 1 .0 and induced with 0.5 mM 
isopropyl 0-D-thiogalactoside (IPTG) at 30°C for 12 h. 
Harvested cells were lysed by somcation at 4°C in a 
binding buffer (5 mM imidazole. 500 mM NaCI, 20 mM 
Tris-HCI, pH 7.9), and the recombinant PEP-1 -SOD 
fotmed was purified. Briefly, clarified cell extracts were 
loaded onto a Ni 2 *-nitrilotriacctic acid Sepharose affinity 
column (Qiagcn, Valencia, CA. USA) under native 
conditions. After the column was washed with 1 0 volumes 
of the binding buffer and 6 volumes of a wash buffer (60 
mM imidazole, 500 mM NaCI, 20 mM Tns-HCl, pH 7.9), 
the fusion proteins were eluted using an during buffer (1 
M imidazole, 500 mM NaCI, 20 mM Ths-HCl, pH 7.9). 
The fusion-protein-containing fractions were combined 
and the salts were removed using a PD-10 column 
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(Amcrshara, Braunschweig, Germany). The protein con- 
centration was estimated by the Bradford procedure [35] 
using bovine serum albumin as a standard. 

Transduction of PEP-ISOD into astrocyte celb 

For the transduction of PEP- 1 -SOD, astrocyte cells 
were grown to confluence on a six-well plate for 4-6 h. 
Then the culture medium was replaced with J ml of fresh 
solution. After astrocyte cells were treated with various 
concentrations of PEP- 1 -SOD for 30 rain, the cells were 
treated with irypsin-EDTA (Gibco. Grand Island, NY, 
USA) and washed with phosphate-buffered saline (PBS). 
The cells were harvested for the preparation of cell extracts 
to perform a SOD enzyme assay and Western blot 
analysis. 

The intracellular stability of transduced PEP- 1 -SOD 
fusion protein was csbmated as follows. After astrocyte 
cells were treated with 2 uM native PEP-1-SOD for 1 h, 
the cells were washed and transferred to fresh culture 
medium to remove PEP- 1 -SOD that was not transduced. 
Then cells were further incubated for 72 h, followed by 
preparations of cell extracts for a SOD enzyme assay and 
Western blot analysis. The SOD enzyme assay and 
Western blot analysis were performed according to 
methods reported previously [22,27]. 

Immunoftuorcscecnce and fluorescence analysis 

Immunofluorescence assay was performed using con- 
jugated Cy-3 antibodies. Briefly, astrocyte cells were 
grown on glass coverslips and treated with PEP- 1 -SOD 
fusion protein. Following incubation for 30 min at 37°C, 
the cells were washed twice with trypsin-EDTA, PBS, and 
then fixed in 4% paraformaldehyde in 0.5 ml of PBS for 1 0 
min at room temperature. The cells were washed with PBS 
and then incubated with polyhistidinc antibody, following 
by incubation with Cy-3 antibody (1 : 1 000) in PBS for 1 h. 

For direct detection of fluorescein-labeled protein, 
purified PEP- 1 -SOD was labeled using EZ-Label fluo- 
rescein isothiocyanate (F1TC) protein labeling kit (Pierce, 
Rockforo; IL, USA). The labeling with F1TC was carried 
out according to the manufactuter's instructions. Cultured 
cells were grown on glass coverslips and treated with 2 uM 
PEP- 1 -SOD fusion protein. Following incubation for 30 
mm at 37°C, the cells were washed twice with PBS and 
trypsin-EDTA. Cells were fixed with 4% paraformalde- 
hyde for 10 min at room temperature. The distribution of 
fluorescence was analyzed on a fluorescence microscope 
(Carl Zeiss, EL-Einsatz, Germany). 

3-(4. $~D\methylthiazol-2-yl)-2 t 5-diphenyltetrazolium 
bromide (MTT) assay 

The biological activity of the transduced PEP-1-SOD 
fusion proteins was assessed by measuring the viability 
of astrocyte cells treated with paraquat (methyl viologen; 



Sigma, St. Louis, MO, USA), which is weli known as an 
intracellular superoxide dismutase anion generator The 
cells seeded into six-well plates at 70% confluence. The 
cells were pietreaied with 0.5- 2 uM control SOD and 
native PBP-1-SOD for J h; then the 5 mM paraquat was 
added to the culture medium for 12 h. Cell viability was 
estimated with a colorimetric assay using MTT (Sigma). 

Transduction ofPEP-l-SOD into mice skin 

To investigate the transductions of PEP-1-SOD fusion 
protein into mice akin, male ICR mice weighing about 30 
g were used. The animals used in this experiment were 
treated according to the "Principles of Laboratory Animal 
Care" (NIH publication No. 86 23). Animals were 
anesthetized with 3% isoflurancc in nitrogen and oxygen, 
50 ug control SOD and PEP- 1 -SOD fusion proteins was 
topically applied onto the shaved area of the animal's 
skm for various time intervals Thereafter, frozen and 
sectioned tissues were prepared and fixed with 4% 
paraformaldehyde for 10 min. For removal of nonspecific 
immunoreactivity, free-floating sections were first incu- 
bated with 0.3% Triton X-100 and 10% normal goat 
serum in PBS for I h at room temperature. They were 
then incubated with rabbit antihistidine IgG (1:500) for 
24 h at room temperature- After washing three times for 
10 min with PBS, the sections were incubated for 1 h 
with biotinylated goat amirabbit IgG (dilution 1:200; 
Vector Laboratories, Buriingame, CA, USA) and then 
visualized with 3,3'-<haminob<m2idjne (40 rag DAB/ 
0.045% H 2 0 2 in 100 ml PBS) mounted on gelatin-coated 
slides The immunoreactions were observed under the 
Axjoscope microscope (Carl Zeiss, Gottingen. Germany). 

Induction of cerebral ischemia 

Male Mongolian gcrbils (Merioncs unguiculatus) 
weighing 65-75 g were placed under general anesthesia 
with a mixture of 2 5% isoflurane (Baxtor, USA) in 33% 
oxygen and 67% nitrous oxide To determine whether 
transduced PEP- 1 -SOD protects against ischemic dam- 
age, gerbils were i.p injected PEP- 1 -SOD fusion protein 
in various concentrations (100-f>00 ug) at 30 min before 
or after the occlusion of both common carotid arteries A 
midline ventral incision was made m the neck. Both 
common carotid arteries were isolated, freed of nerve 
fibers, and occluded with nontraumatic aneurysm clips. 
Complete interruption of blood How was confirmed by 
observing the central artery id the eyeball using an 
ophthalmoscope. After 5 min occlusion, the aneurysm 
clips were removed. The restoration of blood flow 
(reperfusion) was observed directly under the ophthalmo- 
scope. Sham-operated animals (n = 7) were subjected to 
the same surgical procedures except thai the common 
carotid arteries were not occluded. Rectal temperature 
was monitored and maintained at 37°C ± 0.5°C before, 
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during, and after the surgery until the animals had 
recovered fully from anesthesia. At 4 days after ische- 
mia-reperfusion, the sham-operated group, vehiele-trca- 
ted group, and PEP-I-SOD-treated group were 
euthanized for cresyl violet staining. 

Effect of transduced PEP-i-SOD on neuronal cell 
viability after ischemic insult 

All animals were anesthetized with pentobarbital 
sodium and perfused transcardially with PBS (pH 7.4) 
followed by 4% paraformaldehyde in O.I M PBS (pH 7.4) 
in the sham-operated group (n - 7), vehicle-treated group 
(n = 7), and PEP- 1 -SOD-prctreated and -posttreated 
groups at 4 days (n = 7, each) after the surgery. Brains 
were removed and postrlxed in the same fixative for 4 h. 
The brain tissues were cryoprotected by infiltrating with 
30% sucrose overnight Thereafter, the tissues were frozen 
and sectioned with a cryostat at 30 um and consecutive 
sccuons were collected in six-well plates containing PBS. 
These free-floating sections were then mounted on slide 
glass and air-dried. Thereafter, they were stained with 
cresyl violet acetate in the usual manner. 

Quantitative analysis 

For calculating the number of survival neurons, 
sections (10 sections per animal) representing the same 
level of the hippocampus were selected for measurement. 
Each studied field in each tissue was selected within the 
midpoint of the hippocampal CA1 region including all 
layers. Tissue images were obtained through an Axiophot 
light microscope (Carl Zeiss) connected via a charge- 
coupled device (CCD) camera to a PC monitor. Images 
of cresyl-violet-positivc neurons were captured with an 
Applcscanner. Quantification of the number of neuronal 
somata was performed using an image analyzing system 
equipped with a computer-based CCD camera (software: 
Optimas 6.5, CyberMetrics, USA). Cell counts were 
obtained by averaging the counts from 70 sections taken 
from each animal. The number of cresyl-violct-positive 
neurons was compared to those of the sham-operated 
group. Finally, a Student / test was performed to 
investigate the protective effect of PEP-I-SOD [37]. 

RESULTS 

Generation of a biologically active PEP- J -SOD fusion 
protein 

To generate a cell-permeable expression vector, PEP- 
1-SOD vector, a human Cu,Zn-SOD cDNA was 
subcloncd into the pET-15b plasmid that had been 
reconstructed to contain the PEP-1 peptide. The PEP-I- 
SOD expression vector formed contained consecutive 
cDNA sequences encoding human Cu, Zn-SOD, PEP- 1 
peptide (21 amino acids), and six hisudine residues at 



the amino terminus. We also constructed the SOD 
expression vector (pSOD) to produce control SOD 
protein without PEP-1 transduction peptides (Fig. 1). 

Expression and purification of PEP 1 -SOD fusion 
protein 

Following the induction of expression. PEP-1 -SOD 
and control SOD fusion proteins were purified. Briefly, 
the fusion proteins were expressed in E. colt and clarified 
cell extracts were loaded onto a Ni* -nitrilotriacetic acid 
Sepharose affinity column under native conditions. 
Fusion proteins containing fractions were combined and 
salts were removed using a PD- 1 0 column. The crude cell 
extracts obtained from E. coli and purified PEP-1 -SOD 
fusion proteins were electrophoresed in 1 5% SDS-PAGE. 
The expression and purification results are shown in Fig. 
2 A. The bands in lanes 2 and 3 show that the protein was 
highly expressed and was a major component of the total 
soluble proteins. In addition, the yields of the purified 
fusion proteins were approximately 70 mg/L on culture. 
The expressed and purified PEP- 1 -SOD enzyme activities 




on 



B 



PEP-l^SOD 



Control SOD 



His-lag — PEP-1 — SOD 



His-Tag — SOD 



Fig. I. Expression vector for PEP-1 SOD fution protein. (A) 
Construction of the PEP- 1 -SOD cxpreition vector system boxed on 
(he vector pET-lSb Synthetic PEP-1 oligomer wu cloned into the 
Nde\J(ho\ life], and human Cu,Zn-SOD cDN'A wu cloned into the 
Xho\famH\ sites of pETI5b. (B) Diagram of repressed control SOD 
and PEP-1 ^SOD ration protein*. The coding frame of human SOD is 
represented by an open box along with 6Hi« and ihe PEP-1 peptide The 
resulting vector was named pPEP-l-SOD Expression was induced by 
adding IPTG. 
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by 15% SDS-PAGE (A) Qnd subjected to Weficni blot annlysU with an anbrabbrt polyhubdinc antibody (B). Unes m a and B ireu 
follows: lane 1, ^induced ' pPeP-l-SOD, ^ 2. mdueed pPEP-l-SOD; lane 3, purified pPEP-l-SOD Iirununofluorcccncc and 
tecali2at,onoftrw*ucedPE^ ^pcchvelyrtTand 
D) ^oocyte # «1U woe owed with 2 *M PEP-NSOD fu5ion protein* for 30 min. and thrn the cell* we* incu bated w, ih anti-rabbit 
p^y^uote (MOO) and Cy-3 conjugated antibody (1:1 000) for I h. Co, control cell* without PEP- ]^OD;Cb. call* treated with PEP-1- 
™" ^ "^-labeled W- 1 -SOD piotem (2 M M) w« trangduced into oatrocyte cdb, the cell* were wn.hcd tunc* w.th rrypsin-EDTA, 
«» me J«"«fy obtcrved by fluorescence microscopy. Oa, control cell* without PEP-1 -SOD; Db. nonfi.cd cells treated with PEM - 
SOD; Dc, fixed cells trearcd with PEP- 1 -SOD. 



were similar to those of authentic human and recombinant 
Cu,Zn-SOD (data nor shown) [22,38]. Hie expressed and 
purified proteins were further confirmed by Western blot 
analysis using an anti-rabbit polyhistidine antibody. PEP- 
I -SOD was detected at the corresponding bands in Fig. 
2B. The control SOD expression and purification were as 
described previously (data not shown) [22]. 

Transduction ofPEP-I-SOD fusion protein into astrocyte 
cells 

To investigate the ability of PEP- 1 -SOD fusion 
protein to transduce into cells, it was conjugated to Cy- 
3 fluorescein (1:1000) and analyzed by immunofluor- 



escence microscopy (Fig. 2C). As shown in Fig. 2C, 
native PEP-1 -SOD fusion protein successfully trans- 
duced into the celts, whereas the control SOD did not 
transduce into the cells. Thesr results indicate that 
PEP- 1 peptide has a function and mechanism similar to 
those of HIV-1 Tat protein [4], the homeodomain of 
Antennapcdia [5], and the herpes simplex virus VP22 
protein [6], though the exact mechanism of protein 
transduction by PTD is unclear. 

The intracellular delivery of PEP-1-SOD into 
astrocyte cells was further confirmed by direct fluo- 
rescence analysis. As shown in Fig 2D, almost all 
cultured cells were found to be transduced with PEP-1- 
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SOD. To exclude the possibility ihat cell fixation with 
paraformaldehyde may affect PEP- 1 -SOD transduction 
by direct fluorescence, wc used FlTC-conjugated PEP- 
1-SOD fusion protein to transduce into nonfixed or 
fixed astrocyte cells. As shown in Fig. 2D, the 
intracellular distribution of the PEP- 1 -SOD fluores- 
cence signal of oonfixed cells was similar to that of 
fixed cells. These results indicate that cell fixation with 
paraformaldehyde is not required for PEP- 1 -SOD 
fusion protein transduction. 



1661 

To evaluate the transduction ability of PEP-1-SOD 
fusion protein, we analyzed the transduction of PEP-1- 
SOD proteins purified under naove conditions by adding 
them to astrocyte culture medium at 2 uM for various 
times (5-30 min) and then analyzed the transduced 
protein levels by Western blotting. The intracellular 
concentration of transduced PEP- 1 -SOD in cells was 
detected within 5 mm and was gradually increased at 30 
min (Fig. 3A). The dose dependency of the transduction 
of PEP-1-SOD fusion proteins was further analyzed. 
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Various concentrations (0.25-2 uM) of PEP- 1 -SOD 
proteins were added to astrocytes in culture for 30 min, 
and the levels of transduced proteins were measured by 
Western blotting. As shown in Fig 3B, the levels of 
transduced proteins in astrocyte cells were concentration- 
dependency increased on increasing the amount of fusion 
protein in tbe culture medium. 

The properties of the transduced proteins in cells are 
key points for the therapeutic application of protein 
transduction. Therefore, we determined the dismutation 
activities of SOD in astrocytes treated with PEP- 1 -SOD 
(Figs. 3A and 3B. bottom). As shown at the bottom of 
Figs. 3 A and 3B, the enzyme activity of SOD in 
transduced astrocyte cells increased in a lirae-and dose- 
dependent manner. The specific SOD enzyme activities 
were approximately two- to sevenfold uicreased by 
treating wjih various concentrations of PEP- 1 -SOD but 
not with the control SOD. However, the specific 
activity of SOD treated with 2 uM PEP- 1 -SOD was 
88.76 U/mg. 

The intracellular stability and enzymatic activity of 
PEP- 1 -SOD transduced into astrocyte cells are shown in 
Fig, 4, The PEP- 1 -SOD protein was added to the culture 
medium of astrocyte cells at a concentration of 2 uM for 
various time periods and the resulting levels of trans- 
duced protein were analyzed by Western blotting and 
enzyme activiry. As shown in Fig. 4, the intracellular 
levels of transduced PEP-1-SOD into cells were initially 
detected after 1 h and then declined gradually over the 
period of observation. However, significant levels of 



transduced SOD and enzyme activities persisted in 
astrocyte cells for 48 b. 

Effect of transduced PEP- J -SOD fusion protein on the 
viability of cells under oxidative stress 

To determine whether the transduced fusion proteins 
have a functional role in cells, wc tested the effects of 
transduced fusion proteins on cell viability under 
oxidative stress. The viability of cells treated with 
paraquat was significantly increased in a dose-dependent 
manner when pretrcated with PEP- 1 -SOD. As shown in 
Fig. 5, when the ccJIs were exposed to 5 mM paraquat 
without PEP-1-SOD, only 40-45% of cells were viable. 
However, the viability of the cells pretrcated with PEP- 
1-SOD increased in a dose-dependent manner, reaching 
over 90% at the maximum concentration used. The 
increased viability of cells transduced with PEP-1-SOD 
suggests that this fusion protein has a critical protective 
effect against oxidative stress in cells. 

Penetration ofPEP-l-SOD fusion protein into mice skin 

We then evaluated the ability of PEP- 1-SOD fusion 
protein to transduce into mouse skm PEP-1-SOD was 
sprayed onto mouse skin for 30 mm and I h and the 
degree of penetration of these fusion proteins was 
analyzed immunohistochemically and by determining its 
enzymatic activity. As shown in Fig. 6 A, transduction 
signals were significantly detected in the epidermis and 
dermis of skins treated with PEP- 1-SOD fusion 
proteins. Unlike PEP- 1 -SOD, the control SOD could 
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not transduce into skin. The levels of enzyme activities 
in skin were significantly increased when treated with 
PEP-1-SOD for I h. In untreated skin, the baseline level 
of total SOD activity was 4.9 ± 0.89 U/mg protein. 
However, skin that was treated with PEP-1-SOD 
contained levels of SOD activity that were approx- 
imately 6- to 10-fold (31.18 and 56.22 U/rng) limc- 



depcndently higher than the baseline (Fig, 6B). These 
results demonstrate that PEP- 1 SOD fusion protein can 
not only be transduced into cultured cells but also 
penetrate the living animal slan 

In vivo transduced P£P I^SOD Juston protein protects 
against ischemic damage 

To determine whether transduced PEP-1-SOD per- 
form their biological roles in vivo, we tested the 
effects of transduced PEP-1-SOD on neuronal cell 
viabilities after Transient forebrain ischemia in a gerbil 
model. To determine whether transduced PEP-1-SOD 
protect aginast ischemic damage, we injected PEP-I- 
SOD fusion protein at various concentrations (100-500 
ug) 30 mm before or after ischemia After 4 days after 
ischemic insult, the PEP-l-SOD-treated, vehicle-trea- 
ted, and sham-operated control animals were killed for 
crcsyl violet staining (36]. The protective effects of 
PEP- 1 -SOD fusion proteins after ischemic insult were 
evaluated by cresyl violet histochemistry (Fig. 7), In 
the vehicle-treated group, the percentage of the 
detected cresyl-violet-positive neurons was 11.2% 
compared to the sham-operated group (Figs. 7 and 
8). PEP-1-SOD fusion proteins efficiently protected 
against neuronal cell damage caused by ischemic 
insult In the PEP-l-SOD-trcated group 4 days after 
ischemic insult, 85 to 92% neurons compared to the 
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F.g 7, Effect, of transduced PEP-I .SOD on neuronal cell vijfciiicy of iiehenuc insula. Repitsenat.vc photomicrographs of the crwyl 
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sham-operated group were stained with crcsyl violet 
(Figs 7 and 8). However, PEP-l-SOD-injccted gerbils 
showed almost complete protection at low concen- 
trations (20O-300 ug) and PEP- 1 -SOD can play a 
major role in detoxifying ROS for at least 4 days after 
ischemia. These results indicate that PEP- 1 -SOD 
fusion proteins are efficiently transduced beyond the 



gcrbil blood-brain barrier and effectively protect 
against neuronal cell death. 

DISCUSSION 

Although antioxidant enzymes have been considered 
potential therapeutic agents against reactive oxygen 
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species (ROS) mediated disease (39], the lack of trans- 
duction shown by antioxidant enzymes into cells has 
limited their use for protecting cells/tissues from oxida- 
tive damage. Therefore, in an effort to replenish the 
antioxidant enzyme activity in cells and bssues, we 
investigated the possibility of a protein transduction 
approach based on SOD enzyme into cell and Tissues. 
Recently, the Morris group designed a 2 i -residue peptide 
carrier, PEP-1 (KETVVWETVv^TEWSQPKKKRKV), 
which consists of three domains: a hydrophobic trypto- 
phan-rich motif (KETWWETWWTE W), a spacer (SQP), 
and a hydrophilic lysine-rich domain (KKKRKV) The 
hydrophobic domain is required for efficiently targeting 
the cell membrane and for hydrophobic interactions with 
proteins, whereas the hydrophilic domain is required to 
improve intracellular delivery. When mixed PEP-1 
peptide and target protein (GFP, P-gal) were overlaid 
on cultured cells, it was found that the nondenatured 
target protein was transduced [29]. 

To develop an expression system capable of over- 
expressing the cell-permeable SOD protein, the human 
Cu,Zn-SOD gene was fused with a PEP-1 peptide in a 
bacterial expression vector to produce a genetic in-frame 
PEP-1 -SOD fusion protein (Fig. 1). The expressed and 
purified PEP-1 -SOD fusion proteins wwe confirmed by 
SDS-PAGE and Wesicm blot using a monoclonal 
antibody to a human Cu,Zn-SOD (data not shown) and 
an anti-rabbit polyhistidinc antibody (Figs. 2A and 2B). 
PEP-1 -SOD fusion protein was highly expressed as a 
major component of the total soluble proteins in cells, 
and the purified protein yields were approximately 70 
mg/L of culture under native conditions. In addition, the 
purified PEP-1-SOD fusion protein was found to be 



nearly homogeneous and greater than 95% pure, as 
determined by a SDS-PAGE analysis with Coomassic 
brilliant blue staining. 

Our analysis of the transduction ability of the purified 
PEP- 1 -SOD fusion protein suggests that the native intact 
fusion protein was successfully delivered into the cells 
(Fig. 2C). Id the case of RlV-1 Tat protein, native fusion 
protein was not delivered into the cells, as described 
previously [22]. However, this result indicates that, 
although the precise mechanism of protein transduction 
by PTD is unclear, the transduction mechanism of PEP-1 
peptide may be similar to that of PTD in HTV-I Tat 
protein [4,5], to that of PTD in the homeodomain of 
Antennapedia [6], and to that of PTD in the HSV-1 
structural protein VP22 [40]. 

It is generally accepted that the Tat protein transduction 
domain of human immunodeficiency virus type 1 (HTV-1) 
efficiently transduces through the plasma membrane; 
although the mechanism of transduction is unclear, Tat 
PTD fusion protein transduction is one of the develop- 
ments of protein therapeutics. A wide variety of functional 
proteins have been successfully used to study intracellular 
function and transduction into cells and tissues [41]. 
However, HIV- J Tat PTD fusion protein transduction has 
been questioned [42,43], because K was demonstrated that 
HTV-I Tat and (Arg)o PTD fusion protein transduction 
across the cell membrane does not occur in living cells and 
that it is an arbfactual redistribution caused by cell 
fixation. The cell fixation technique disrupts the cell 
membrane and therefore cannot be reliably used to study 
membrane-translocating proteins. These peptides and 
fusion proteins are internalized into cells by endocytdsis. 
Tnus, it is argued that cell fixation should be avoided in 
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studies of protein transduction into living cells. However, 
in this study, we weir unable to detect differences in the 
fluorescence distribution of transduced PEP- 1 -SOD in 
nonfixed and fixed cells (Fig. 2D). These results demon- 
strate that cell fixation with paraformaldehyde is not 
required for PEP-l-SOD transduction. Similar observa- 
tions which indicate that artifacts of protein transduction 
arc not induced by paraformaldehyde fixation have been 
reported, [29,44,45]. We also observed that the trans- 
duction of Tat-SOD fusion protein into insulin-producing 
cells (RINm-5F) by paraformaldehyde fixation did not 
have an effect [27], 

Purified PEP- 1 -SOD fusion proteins efficiently trans- 
duced into cells in a time-and dose-dependent manner 
(Figs. 3A and 3B top). This time- and dose-dependent 
transduction indicates that PEP-l-SOD was rapidly 
transduced into cells. A recent study by Morris ct al 
(29] showed that PEP-1 peptide/GFP (30 kDa) or ^gal 
(119 kDa) mixtures transduce into a human fibroblast 
cell line (HS-68) and into Cos-7 cells by incubating with 
PEP-1 peptide carrier and proteins (GFP or &-gal) for 30 
mm at 37°C. These differences in the time courses of 
transduction may depend on whether the target protein is 
fused with the PEP-1 vector or mixed with the PEP- 1 
peptide. Because of fusion with the PEP-1 vector, the 
conformation, polarity, and molecular shape of a target 
protein might be altered, which improves the trans- 
duction of fusion proteins into cells. 

The enzyme activity of transduced protein in cells is 
important for protein therapy application. Therefore, we 
determined the SOD activities in cells created with PEP- 
l-SOD (Figs. 3A and 3B bottom). The level and 
enzyme activity of transduced PEP-l-SOD were found 
to be increased in a time-and dosc-dependem manner. 
Transduced SOD enzyme specific activity increased up 
to six-fold (88 76 U/mg) that of control (14.7 U/mg). 
However, under the same conditions, Tat-SOD enzyme 
specific activity increased two- to threefold (data not 
shown) Transduced PEP- 1 -SOD enzyme activity is 
significantly higher than that of Tat-SOD. These differ- 
ences in enzymatic activities of these fusion proteins 
imply that denatured Tat-SOD is needed for refolding 
after transduction, whereas PEP-l-SOD does not require 
refolding after transduction. Thus, PEP-l-SOD enzyme 
activities in the transduced cells were about three to 
four times higher than those of Tat-SOD. Morris ct al. 
[29] showed thai transduced p-gal bad strong and 
uniform (i-gal activity. In addition, the presence of PEP- 
I did not alter the enzymatic activity of 0-gal upon 
delivery into cells and was not affected by the presence 
of 10% fetal bovine serum or temperature (4°C), 
supporting that the protein transduction is independent 
of the endosomal pathway and has full enzyme 
activities [29). 



As shown in Fig. 4, the intracellular stability of 
transduced PEP-l-SOD was significant with transduced 
protein and enzyme activity persisting in cells for 48 h. 
Under the same experimental conditions, the stability of 
Tat-SOD persisted for 24 h (data not shown). These 
results indicate that native PEP-l-SOD is more stable 
than denatured Tat-SOD. Therefore, we suggest that the 
transduced PEP-l-SOD offers a more powerful approach 
toward replenishing antioxidant enzyme activity in 
mammalian cells than HTV-1 Tai protein. To determine 
whether transduced PEP-l-SOD can play its biological 
role in the cells, we have tested the effect of transduced 
PEP-l-SOD on cell viability under oxidative stress. The 
viability of cells treated with paraquat was significantly 
increased when cells were procreated with PEP-l-SOD 
fusion proteins in a dose-dependent manner (Fig. 5). 
After the cells were exposed to 5 mM paraquat without 
PEP-l-SOD, only 4(M5% of the astrocyte cells were 
viable. However, the cell death was efficiently protected 
against by over 90% with transduced PEP-l-SOD. These 
results indicate that trasnducbon of PEP-l-SOD was 
definitely effective against superoxide anion induced by 
paraquat in neuronal cells. 

We then examined the ability of PEP-l-SOD fusion 
protein to transduce into mouse skin As 6hown in Fig. 6, 
PEP-l-SOD fusion proteins were efficiently transduced 
into skin. The enzymatic activities of transduced PEP-I- 
SOD were more than 10-fold higher than those of control 
SOD However, skm that was treated with Tat-SOD 
contained levels of SOD activity that were approximately 
three- to fourfold higher than those of the control SOD. 
Also, the control SOD without PTD could not penetrate 
into the skin [23]. These results demonstrate that PEP-l- 
SOD can be transduced more efficiently into mammalian 
cells and tissues and that it has potential use as a 
therapeutic agent against various disorders mediated by 
ROS 

To examine the ability of transduced PEP-l-SOD 
fusion protein to protect against ischemic damage, we 
designed a gerbil animal model. The formation of a large 
amount of toxic ROS in the hypoxic and ischemic brain 
has been proposed to be an important step in the 
sequence of events that links cerebral blood flow 
reduction to neuronal death [46,47] ROS formation has 
been demonstrated during acute ischemic attack [46) and 
after blood and oxygen are eventually returned to the 
brain by reperfosion [48). Several investigators have 
demonstrated that ROS-mediated toxicity affects virtu- 
ally all cellular components in m vivo and in vitro 
ischemic models [49,50). PEP- 1 SOD was administered 
i p pre or post (30 min) ischemia. After 4 days the 
protective effects of the fusion proteins were confirmed 
by immunohistochemistry. As shown in Fig. 7, PEP-l- 
SOD fusion protein effeciively protected against neuro- 
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nal cell death. In control gerbib, <12% of CAI neurons 
survived the ischemic insult. The magnitude of the 
protective effect of SOD fusion proteins ranged from 85 
to 92% survival for CAI neurons. As shown in Fig. 8, 
PEP- 1 -SOD protected against neuronal cell death by up 
to 92%. In addition, at a low dose, PEP- 1 -SOD 
efficiently protected neurons by up to 85-90% after 
ischemia insult These results indicate that native PEP-l- 
SOD efficiently protected against neuronal cell death. 

Cu,2n-SOD has been extensively used to reduce brain 
injury induced by ischemia and repcrtusion. However, 
Cu,Zn-SOD was found to have a neuroprotective effect 
in transient focal cerebral ischemia in transgenic mice 
overexpressing SODl [51,52]. Recently, Chan et al. (53) 
demonstrated that in SODl transgenic rats cell damage 
was reduced in CAI neurons by approximately 50% 3 
days post ischemia. Damaged areas of CAI neurons in 
SODl transgenic rats showed a significant protective 
effect against ischemia [53], Thus, our results indicate 
that PEP- 1 -SOD fusion protein more efficiently protected 
against CAI neuronal cell death than SODl gene 
therapy. 

Morris et al. [29] reported that the PEP- 1 peptide 
carrier presents several advantages for protein therapy, 
including the translocation of native protein, a high 
stability, a lack of toxicity, and a lack of sensitivity to 
serum In particular, no toxicity to PEP- 1 peptide was 
observed in several cell lines at up to 100-1000 uM, 
while cell viability was decreased by only about 10% for 
PEP- 1 concentration of I rraM. 

Therefore, transduction of the antioxidant enzyme 
SOD fused with PEP-1 vector offers more attractive 
advantages for in vitro and in vivo protein therapy. 
Although the exact mechanisms of protein transduction 
are unclear, denaturation and the refolding of HJV-1 Tat 
PTD fusion protein are required for efficient transduction 
and physiologic activity, whereas the native PEP-1 -SOD 
fusion protein docs not need refolding in cells. In 
addition, the enzymatic activities of transduced PEP-1- 
SOD in cultured neuronal cells and mice skin are 
significantly increased and higher than those of Tat- 
SOD (data not shown). 

In summary, we demonstrate for the first time that 
human Cu,Zn~SOD. a key antioxidant enzyme, fused 
with PEP-1 peptide (PEP-1-SOD) can be efficiently 
transduced in vivo and in vitro in its native conformation. 
Moreover, the transduced PEP-1 -SOD was enzymatically 
and biologically active in cells and tissues. In addition, 
PEP- 1 -SOD significantly protected against neuronal cell 
death after treatment with paraquat and ischemic insult 
Our success in the protein transduction of PEP- 1 -SOD 
may provide a new strategy for protecting against 
neuronal cell destruction resulting from ischemic damage 
and therefore may provide an opportunity for therapeutic 
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intervention using antioxidant enzymes for the treatment 
of ROS-mediated diseases 
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